Abstract-Polymorphisms in the endothelial NO synthase (eNOS) gene have been evaluated as risk factors for preeclampsia. However, data from small studies are conflicting. We assessed whether eNOS genotypes alter the risk of preeclampsia in a population in which the incidence of this disorder is high. A total of 844 young pregnant women (322 preeclamptic and 522 controls) were recruited from 5 cities. Genotyping for the Glu298Asp, intron-4 and -786T3 C polymorphisms in the eNOS gene was conducted. 
P reeclampsia, a major cause of maternal and neonatal morbidity and mortality, affects 5% to 7% of pregnancies in the Western world but can have up to 3-fold greater incidence in other geographic areas with different ethnic or social characteristics. 1 In Colombia, 42% of maternal deaths are attributed to this disorder, which is also the major reason for premature delivery. 2 Systemic arteriolar vasodilatation, probably dependent on endothelial NO, 3, 4 is responsible for the hemodynamics of the first half of the pregnancy (increased blood volume and cardiac output and decreased blood pressure). 5, 6 Deficiencies in the vasodilatory, antithrombotic, and atheroprotective effects of NO 7, 8 have been implicated in the pathogenesis of cardiovascular disease, for which preeclampsia is also a risk factor. 9, 10 Therefore, the gene that encodes endothelial NO synthase (eNOS), the enzyme that regulates endothelial NO availability, is a candidate gene for preeclampsia. 11 A single nucleotide polymorphism in exon 7 (G894T), which encodes an amino acid substitution (Glu298Asp), and a variable number of tandem repeats in intron-4 have been evaluated in preeclampsia. [12] [13] [14] [15] [16] However, results have been inconsistent, possibly because of low incidence of the disease, low prevalence of the gene variants in the studied populations, and relatively small study sizes. Furthermore, it is not clear whether genotypic risks reported for Glu298Asp and intron-4 a/b polymorphisms are independent or reflect carriage of common risk haplotypes. The present study assessed the independent contribution of the Glu298Asp, intron-4, and -786T3 C polymorphisms and also that of eNOS haplotypes to the risk of preeclampsia in a population with high incidence of this disorder.
Methods

Subjects
A case-control study was performed in 844 unrelated young pregnant women recruited from 5 Colombian cities from January 2000 to November 2003. At the time of admission for labor and delivery, a verbal interview was conducted to ascertain maternal age, gestational age, parity, smoking status, family history of preeclampsia, ethnic background, and socioeconomic status. Blood pressure was measured in the right arm after a 5-minute period of rest according to recommendations of the American Heart Association. 17 A total of 322 preeclamptic patients and 522 healthy pregnant women were included. A case was a primigravid woman Ͻ26 years old with a blood pressure of Ն140/90 mm Hg and proteinuria Ն0.3 g in 24 hours, or Ն2ϩ reading on dipstick in a random urine determination with no evidence of urinary tract infection after 20 weeks of gestation. 18 A control was defined as a primigravid woman Ͻ26 years of age without preeclampsia and in labor after 37 weeks of pregnancy. Patients with a previous autoimmune, metabolic, renal, or cardiac diseases including hypertension were excluded. All participants signed the informed consent document approved by the ethics committee from the Universidad Autónoma de Bucaramanga.
DNA Extraction and Genotyping
Blood was drawn from the antecubital vein into EDTA and samples stored at Ϫ50°C. DNA was extracted by means of the QIAamp DNA blood minikit (Qiagen). Polymerase chain reaction (PCR) and restriction fragment length polymorphism analysis was used for genotyping Glu298Asp and -786T3 C polymorphisms, whereas genotypes for intron-4 polymorphism were determined by PCR. 19, 20 Details are outlined in additional material (available online at http://hypertensionaha.org). Genotyping was conducted in a blinded fashion. A total of 10% of samples were subject to repeat PCR and genotyping, and no discrepancies were detected.
Statistical Analysis
Means, proportions, and SDs (Ϯ) were used for descriptive purposes. To evaluate differences between groups, unpaired Student t, 2 , or Mann-Whitney tests were used as appropriate. Tests for HardyWeinberg equilibrium were performed by 2 analysis, and linkage disequilibrium coefficients between polymorphisms were estimated by log-linear analysis among control subjects. 21 As an a priori hypothesis, the association between eNOS polymorphisms and preeclampsia was evaluated under a recessive model of inheritance based on previous results from the eNOS genotype on ischemic heart disease risk. 22 Codominant and dominant models were also evaluated. Multivariate analysis using logistic regression methods and goodness-of-fit analysis were also conducted. 23, 24 All statistical analyses were conducted using SPSS software version 11.0 (SPSS). To construct the haplotypes and test their association with preeclampsia, THESIAS software (version 2.0) was used. This software used the Stochastic-EM (expectation maximization) algorithm to infer haplotype, as has been described previously. 25 For each polymorphism and haplotype, the odds ratio (OR), P value, and 95% confidence interval (CI) were obtained. A P value Ͻ0.05 was considered significant.
Results
Demographic Characteristics of Study Groups
There were no significant differences in age, smoking status, ethnic background, and socioeconomic status between cases and controls ( Table 1) . As expected, systolic and diastolic blood pressure was significantly higher in the preeclamptic women (PϽ0.001). Other maternofetal characteristics are outlined in Table 1 .
eNOS Polymorphisms and Haplotypes
Allele Frequencies and Linkage Disequilibrium of eNOS Polymorphisms
For the control group, genotype frequencies were as predicted by Hardy-Weinberg equilibrium for Glu298Asp (Pϭ0.86) and intron-4 (Pϭ0.38) but not -786T3 C (Pϭ0.02). For cases, the intron-4 polymorphism was in Hardy-Weinberg equilibrium (Pϭ0.1), but the Glu298Asp (PϽ0.001) and -786T3 C (Pϭ0.003) polymorphisms were not. Pairwise linkage disequilibrium coefficients (⌬) were calculated for the 3 polymorphisms studied. All comparisons were statistically significant (PϽ0.05). However, allelic associations between the Glu298Asp and -786T3 C and intron-4 variants were weak (⌬ϭ0.19 
Association Between Genotype and Risk of Preeclampsia
The genotype distribution of the Glu298Asp polymorphism differed significantly among preeclamptic and normotensive women ( (Table 3) .
After constructing the haplotypes and estimating their frequencies in cases and controls, there was a global significant difference in the haplotype frequency in cases compared with controls (adjusted P valueϭ0.01; Table 4 ). Analysis of individual haplotypes adjusting for possible confounding variables revealed that with reference to the common Glu298 -786T-4b, the rarer Asp298 -786C-4b haplotype was associated with an increased risk of preeclampsia (OR, 2.11 [95% CI: 1.33 to 3.34]; Pϭ0.001). No other haplotypes were associated with an increase in risk (Table 4) .
Discussion
The main finding of this study was that young Colombian women homozygous for the Asp298 allele were at increased It has been clearly demonstrated that during normal pregnancy, the NO pathway is activated, leading to an increased NO availability. 26 This increase in NO availability is thought to be responsible for maternal vasodilation required to accommodate the increased circulating volume during pregnancy without a rise in blood pressure. In preeclampsia, this adaptation fails, endothelial dysfunction occurs, 27 blood pressure rises, and proteinuria develops. Moreover, maternal endothelial dysfunction persists after an episode of preeclampsia. 28 This is of interest because endothelial dysfunction is a key feature of a number of cardiovascular disorders, and preeclampsia itself is a risk factor for future cardiovascular disease, with women who experience preeclampsia exhibiting an up to 2-fold excess risk of cardiovascular disease in later life. 29 A likely mechanism by which eNOS Asp298 might reduce NO bioavailability has also been reported. Two recent studies have shown that eNOS Asp298 is subject to selective proteolytic cleavage in endothelial cells and vascular tissues, and this could account for reduced vascular NO generation in subjects homozygous for this variant, 30, 31 although these findings have been debated. 32 The findings from molecular studies have received some support from physiological stud- 
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ies in vivo. We demonstrated that healthy pregnant women who carried the common Glu298Asp polymorphism in eNOS gene had reduced flow-mediated dilatation of the brachial artery, an NO-dependent response. 33 More recently, we showed that an impairment in the endothelial function is an early feature of women who subsequently developed preeclampsia. 27 Thus, these findings suggest that women homozygous for the Asp298 allele generate low NO in vivo and may be more susceptible to endothelial dysfunction. This might account for the increased risk of preeclampsia observed in the present study. Associations between the intron-4 variant and differences in NO pathway activity have also been described, 34 but the data are conflicting. 35 Because this variant is intronic, it is unlikely to be functional in its own right. A functional effect for the -786T3 C promoter polymorphism has also been proposed from in vitro reporter gene assays, with promoters carrying the -786C allele having a significantly reduced luciferase reporter activity compared with promoters carrying the -786T allele; and recently, the -786T3 C variant has been associated with reduced placental eNOS mRNA levels. 36, 37 Additionally, lower serum nitrite/ nitrate levels have been found in individuals with the -786C variant in some 36 but not all studies. 35 Data from the current study suggest that there may be a risk haplotype (Asp298 -786C-4b) that confers the increase in risk, but this finding will require confirmation in larger studies because the power was limited as a result of the very low frequency for some of the individual haplotypes. One important limitation of the current study relates to the ethnic mix of the population evaluated (white, AfricanCaribbean, and mixed population). This raises the issue of whether the positive association observed with eNOS reflects confounding by ethnicity attributable to population stratification. 38 We tested this possibility in a variety of ways. First, no significant differences in ethnic background were observed among cases and controls. Second, there was no significant difference in frequencies of the Asp/Asp genotype among the control samples from different ethnic groups. Third, the increased risk of preeclampsia among women homozygous for the Asp298 allele was unaffected by adjustment for ethnicity or for geographic location after multivariate analysis. Additionally, in recent studies, bias from population stratification was quantified, and it was concluded that its impact is likely to be small and decrease as the number of ethnic strata increase, as was the case in the present study. 39, 40 However, in future studies, residual confounding by ethnicity could be further evaluated by typing highly polymorphic nonfunctional genetic markers, the allele frequencies of which differ by ethnic group. 38 With the exception of the special case of population stratification described, residual confounding by other risk factors for preeclampsia is not anticipated because genotype for an allele is assigned randomly at conception according to Mendel's second law, and other preeclampsia risk factors (such as maternal obesity) should be distributed equally between carriers and noncarriers of the allele in a manner analogous to situation in the treatment and placebo arms of a clinical trial. 41 In conclusion, our study suggests that young Colombian women homozygous for the Asp298 allele are at increased risk of developing preeclampsia, but very large studies or meta-analysis will be required to confirm these findings and refine estimates of the effect size.
Perspectives
Preeclampsia has a partial genetic basis, but the genes involved are unresolved. Because of the low sibling recurrence risk described for preeclampsia, several candidate genes with small to moderate effect is the more likely model to explain such genetic susceptibility. 42 Studies with very large sample sizes evaluating gene variants with potentially functional effects, as well as haplotype analysis, would be the ideal scenario to confirm or exclude candidate genes. Unless genetic effects are large, the utility of genetic association studies is likely to be the identification of disease mechanism rather than new predictive tools. 41 The current study supports the hypothesis that endothelial dysfunction attributable to decreased NO bioavailability plays a role in the pathogenesis of preeclampsia. 27, 33 
EXPANDED METHODS
METHODS
GENOTYPING
The 894 G/T polymorphism in exon 7 of the eNOS gene was genotyped by polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) analysis with the primer pairs 5`AGG AAA CGG TCG CTT CGA CGT GCT G 3´ and 5`CCC CTC CAT CCC ACC CAG TCA ATC C 3´. Ten microliters of each PCR product (151 bp) was then subjected to restriction digestion with 2 U Dpn II, which cleaves the PCR product into fragments of 49 and 101 bp only in the presence of the T allele (corresponding to Asp298). Digested samples were resolved by electrophoresis. 1 Genotypes for the intron-4 polymorphism were determined by PCR using the primers 5´-AGG CCC TAT GGT AGT GCC TTT-3´and 5´-TCT CTT AGT GCT GTG GTC AC-3´. The PCR products were resolved by electrophoresis. Fragments of 393, 420 and 447bp correspond to the eNOS alleles 4a, 4b and 4c respectively.
The -786T>C variant in the 5´-flanking region was assessed by PCR amplification using the primers 5´-TGG AGA GTG CTG GTG TAC CCC A-3´and 5´-GCC TCC ACC CCC ACC CTG TC-3´.
The amplified products were digested with Msp I for 1.5h at 37 0 C, producing fragments of 140 and 40bp for the wild-type allele, or 90, 50, and 40bp in the case of a polymorphic variant. These fragments were analyzed by electrophoresis. 
